We find static spherically symmetric dyons in Einstein-Born-Infeld-Higgs model in 3 + 1 dimensions. The solutions share many features with the gravitating monopoles in the same model. In particular, they exist only up to some critical value of a parameter α related to the strength of the gravitational interaction. We also study dyonic non-Abelian black holes. We analyse these solutions numerically.
Introduction
Gravitating non-Abelian solitons has attracted much attention recently after the discovery of particle like solutions in Einstein-Yang-Mills (EYM) theory [1] by Bartnik and McKinnon (for a review see ref. [2] ). Similar to the Bartnik-McKinnon particles, the EYM model also admit black hole solutions with nontrivial Yang-Mills connection [3, 4, 5] . These are called non-Abelian black holes. Unfortunately, in spherically symmetric SU(2) EYM theory there is neither globally regular solution nor black hole [6] with non-Abelian monopole or dyon charge other than the embedded Reissner-Nordstrom (RN) solution. However, monopole solutions were studied in the Einstein-Yang-Mills-Higgs (EYMH) model [7, 8, 9, 10] as a generalization of the 't Hooft-Polyakov monopole [11, 12] to see the effect of gravity on it. Numerical analysis showed that they exist only up to some critical value of a dimensionless parameter α, characterising the strength of the gravitational interaction. The existence of these solutions were proved analytically [9] for the case of infinite Higgs mass. Magnetically charged non-Abelian black holes were also found in this model [13, 14, 15] . As a generalization of these above solutions, it was shown that the EYMH model admits dyons as well as dyonic black hole solutions [16, 17] . Like the monopole solutions these dyons also exist only up to some critical value of α. The dependence on entropy of the non-Abelian balck hole solutions in various models has been studied [18, 19, 20] .
The Model
We consider the following Einstein-Born-Infeld-Higgs action [35] for SU(2) fields with the Higgs field in the adjoint representation
with
R,
and the non-Abelian Born-Infeld Lagrangian,
where
The symmetric trace is defined as
where the sum is over all permutations on the product of the n generators t i . Unlike the monopole case we have here F µνF µν = 0. Expanding the square root in powers of 
We consider the static spherical symmetric solutions for which the metric can be parametrized as [36, 9] 
The ansatz for the gauge and the scalar fields are
and
We obtain the following expression for the Lagrangian after putting the above ansatz in Eq.(1) and rescaling R → R/ev, β → βev 2 and r(R) → r(R)/ev, dR e ν+λ 1 2
where we define α 2 = 4πGv 2 , and
Here the prime denotes differentiation with respect to R. The dimensionless parameter α can be expressed as the mass ratio
with the gauge field mass M W = ev and the Planck mass M P l = 1/ √ G . Note that the Higgs mass M H = √ 2gev. In the limit of β → ∞ the above action reduces to that of the EYMH model. For the case of α = 0 we must have ν(R) = 0 = λ(R) which corresponds to the flat space Born-Infeld-Higgs theory. From now on we restrict ourselves to the gauge choice r(R) = R, corresponding to the Schwarzschild-like coordinates and rename R = r. We define A = e ν+λ and N = e −2λ . Integrating the tt component of the energy-momentum tensor, which is obtained by varying the matter field action with respect to the metric, we get the mass of the dyon equal to M/evG where
The Abelian field strength F µν , as pointed out by 't Hooft, can be defined as
One can show that in our case the magnetic field
is equal to e i r /er 2 with a total flux 4π/e and unit magnetic charge, while the electric field
and the matter field equations are
(
As expected, the above equations reduce to those for the monopoles [35] if we put J = 0. Also they reduce to the corresponding dyonic equations for EYMH case [16, 17] in the limit of β → ∞. The equations for EYMH system admit embedded RN solutions. In this case we have the following generalized embedded RN solutions satisfying the above equations of motion for finite values of β :
The mass is related to the horizon radius r h by the following expression
obtained by demanding N(r h ) = 0. Inverting this relation, we obtain
with r 0 = M + M 2 − α 2 (1 + Q 2 ) and hence the solution exist for M > α √ 1 + Q 2 . This implies that unlike the β = ∞ case where the extremal black holes exist with M = α √ 1 + Q 2 , the equality does not hole for finite β.
Solutions

Dyons
We first consider the globally regular solutions to the equations of motion. For the solutions to be regular at the origin we have
For asymptotically flat solutions we require
and then for finite energy configuration the matter fields approach the values
where J ∞ is a constant.
We solved the equations numerically for various values of α keeping β and g fixed. For large r these solutions converge to their asymptotic values. For α = 0 they correspond to the flat space dyons [37] . The behaviour of the solutions for α ≥ 0 are similar to those for the globally regular monopole solutions [35] . They exist up to some critical value of α above which there is no solution. The minimum of the metric function N is found to be decreasing as α is increased gradually from zero to α max and becomes zero at α = α max . For g = .1 and β = 4 we find α max ∼ 1.7. The flat space solutions for dyons, corresponding to the value α = 0 are given in Figs.1 and  2 . The profile for the fields for various values of α, (0 < α < α max ) with g = .1 and β = 4 are shown in Figs.3,4 ,5 and 6.
Dyonic black holes
Apart from the globally regular solutions the EBIH model also admit dyonic black holes. The event horizon is charecterised by some finite r h for which N(r h ) = 0 and A(r h ) is finite. The matter functions at r h must satisfy the following conditions.
They follow the same behaviour as the globally regular solutions in the region of large r as given in Eqs. (30) and (31) . With these boundary conditions we solve the equations numerically. They have many features in common with the magnetically charged black holes. In particular, for r h close to zero, the solutions approach to the regular dyon solutions. The profile for the fields are given in Fig.7 .
Conclusion
In the present work we have investigated gravitating dyons in the EBIH model. We derived a generalized expression for the embedded RN solitons. Apart from this embedded Abelian solution there are also non-Abelian solutions. In particular, we found that globally regular dyons exist only up to some critical value α max of the parameter α. We also found the dyonic non-Abelian black hole solutions. The solutions are similar to the corresponding monopoles and magnetically charged non-Abelian black holes. It would be interesting to prove the existence of the solutions analytically. 
